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RESEARCH OBJECTIVES

The primary objectives of the proposed research are the development

of improved blowout prevention procedures to be used in deep water,

floating drilling operations. The overall research plan was divided

into eight tasks which would take approximately four years for comple-

tion. The project is now in the fourth and final year. The eight tasks

are as follows:

Task Description

1.

Design of well for accurately modeling blowout control
operations on a floating drilling vessel in deep water.
a. Well scaling and design.

b. Preparation of bids and specifications.
Construction of well for accurately modeling blowout
control operations on a floating drilling vessel in deep
water.

a. Procurement of well equipment.

b. Well drilling and completion.

Documentation of blowout control equipment configuration
and procedures used on all floating drilling vessels

capable of drilling in deep water.

a. Equipment configuration.
b. Shut-in procedures.
c. Start-up procedures.
d. Pump-out procedures.

Experimental study of shut-in procedures for blowout

control on floating drilling vessels in deep water.



Experimental determination of frictional area coef-
ficient profile of modern adjustable chokes and HCR
valves used in blowout control operations.
Experimental determination of frictional area coef-
ficient profile of modern annular blowout preventers
during closure.

Development of mathematical model of pressure surges
occurring during well closure.

Experimental evaluation of pressure surge model.
Determination of optional shut-in procedues for

various well conditions.

Experimental study of procedures for handling upward gas

migration during the shut-in period.

a.

Evaluation of conventional approach requiring use of
surface drill pipe pressure.

Evaluation of volumetric methods.

Laboratory investigation of gas bubble fraémentation
while rising in a static annulus.

Development of mathematical model of well behavior
during shut-in period following a gas kick.
Determination of optimal method of handling upward

gas migration during shut-in period.

Experimental study of start-up procedures for blowout

control on floating drilling vessels in deep water.

a.

Evaluation of present day start-up procedures which

use existing equipment.



b. Evaluation of possible future start-up procedures

which would require development of new equipment.

c. Experimental determination of improved start-up
procedures.
7. Experimental study of pump-out procedures for blowout

control operétions on a floating drilling vessel in deep
water.
a. Evaluation of present day pump-out procedures which
use existing equipment.
b. Evaluation of present day pump-out procedures which
would require development of new equipment.
c. Experimental determination of improved pump-out
procedures.
8. Determination of well behavior during the control of gas
kicks on floating drilling vessels.
a. Experimental determination of annular pressure
behavior for various well conditions.
b. Development and verification of accurate mathemati-
cal model of well behavior during kick pump-out.
Tasks 1 through 6 have now been completed. The experimental pro-
gram required for task 7 is well underway, but a significant amount of
experimental work remains. Task 8 has been initiated but is somewhat
behind schedule. The technical paper given in Appendix A of this report
is based on some of the results obtained in this project. We have also
been invited to present a paper at the upcoming IADC/SPE Drilling Con-

ference.



SIGNIFICANT PROBLEMS

The data recording system currently available at the new well
facility has proven to be inadequate for some of the experimental runs
needed to complete tasks 7 and 8. Dr. Holden, is currently redesigning
the data recording system. Funds for the modification are available
from sources other than the MMS contract, but this problem will delay
the completion of the project.

Due to the retirement of several key personnel in the Petroleum
Engineering Department, and an extreme national shortage of Petroleum
Engineering Faculty, the department has been forced to operate with
three unfilled vacancies for the past several months. This problem has
impacted the project because of some required changes in the duties

performed by the key personnel involved with the project.

SIGNIFICANT CHANGES

Several significant changes in the project are felt to the desir-
able because of the problems described above. These proposed changes
will not impact the total cost of the project, but will require reallo-
cations of funds and personnel and will extend the completion date of
the four year project by three months.

The proposed changes are:

1. A no cost extension of the project from the scheduled comple-

tion date of August 31, 1982 to November 31, 1982.
2. Reassignment of key personnel for the performance of the

project as follows:



et

*%  Current Contract *% *%  Proposed Change  *%

Minimum Effort Minimum Effort
Task No. Key Person (man-months) Key Person (man-months)
-1 Bourgoyne 0.5 No Change
4a/4b Holden 4.75 Holden 4.20
' Yannitell 0.55
3 . Bourgoyne 3.625 No Change
5 Bourgoyne 1.625 No Change
2a Hise 1.6 Hise 1.8
4e/td Bourgoyne 4.125 No Change
6a/6b - Holden 4.125 No Change
7a/7b Langlinais 4.125 Langlinais 1.925
Whitehead 1.300
Bernard 0.300
Sykora 1.600
be Bourgoyne 1.125 No Change
6c Holden 4.125 Holden 3.775
Sykora 0.350
7c Langlinais 1.125 Sykora 1.125
8 Bourgoyne 4.125 Bourgoyne 1.750
Sykora 2.375

A resume of Dr. Yannitell was provided in Progress Report No. 1
dated April 24, 1979. Resumes of Dr. Bernard, Dr. Whitehead, and
Mr. Sykora are included in Appendix B of this report.
3. Transfer of $1,469 from faculty salaries to staff salaries
(paid biweekly).
4, Transfer of $6,855 from faculty salaries to graduate student

salaries.



5. Transfer of $6,288 as required from the travel category to
graduate student salaries, graduate student tuition, and any
indirect costs associated with graduate student salaries.

It is felt that these changes will allow completion of the project while

maintaining the total cost within the funded total budget.

Al arn~ Bocpsmn fo

A. T. Bourgoyne, Professor and Chairman
Petroleum Engineering, Department
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Drilling Operations
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The material is subject

ABSTRACT

As the search for petroleum reserves has moved
into the deep water offshore environment, the
blowout control problem has continued to increase
in complexity. Several special well control prob-
lems for floating drilling operations stem from the
need for long subsea choke Tines connecting the
subsea blowout preventer stack at the sea-floor to
the surface well-control system. The magnitude of
these problems are made worse by the very low
effective formation fracture gradients generally
associated with drilling operations in deep water.

A research facility has been designed and
constructed to model the well-control flow geometry
present on a floating drilling vessel operating in
3000 feet of water. The main features of this
facility are: (1) a highly instrumented 6000 ft
well equipped with a packer and triple parallel
flow tube at 3000 feet to model a subsea BOP stack
with connecting subsea choke and kill lines, (2) a
choke manifold containing several 15,000 psi ad-
justable drilling chokes of varying design features,
(3) a conventional mud circulating system powered
by a triplex pump, and (4) an instrumentation and
control house.

Flow tests were conducted for several drilling
chokes and the behavior of each choke was described
using a frictional area coefficient correlation.
Several types of experiments were conducted in which
gas kicks were simulated by the injection. of nitro-
gen into the bottom of the well. Alternative pro-
cedures studied and evaluated included techniques
for compensating for choke-line frictional pressure
loss during pump start-up and techniques for
handling rapid gas zone elongation when the kick
reaches the sea floor. The results obtained differ
significantly from those predicted by computer simu-
lation of the test conditions studied. It was
found that the demands placed upon a choke operator
during well control operations in deep water were
not as severe as anticipated from computer simula-
tion studies and could be managed with existing
equipment by an experienced choke operator.

References and illustrations at end of paper.

INTRODUCT ION

In the late 1940's, the search for oil and gas
accumulations first moved offshore to the shallow
marine environment. Since that time, drilling
operations have been extended steadily across the
continental shelf. More recently, developments in
the technology for driiling from floating drilling
vessels have allowed exploratory drilling beyond
the 1imits of the continental shelf and into the
relatively deep water of the continental slopes.

In 1974, the first well was drilled in a water
depth in excess of 2000 feet.! Figure 1 shows

how rapidly drilling operations have progressed
into deeper water depths. In 1979, a well was
drilled offshore from Newfoundland in a water depth
of 4876 feet.® Future plans in the Ocean Margin
Drilling Program of the National Science Foundation
call for scientific ocean drilling during the next
decade in water depths of 13,000 feet.?®

As the search for oil and gas is extended to
greater water depths, the number of wells drilled
each year in deep water is also increasing. Figure
2 shows the number of wells drilled each year in
water depths in excess of 2000 feet. In 1980 alone,
nineteen wells were drilled. At least in a global
sense, deep water drilling operations are becoming
routine.

Like many other aspects of drilling operations,
the problem of blowout prevention increases in com-
plexity for floating drilling vessels operating in
deep water. Several special well control problems
stem from a greatly reduced fracture resistance of
the marine sediments and from the use of long sub-
sea flow lines extending vertically from the blow-
out preventer (BOP) stack at the sea floor to the
choke manifold and other well-control equipment
located at the surface. Shown in Figure 3 is the
approximate effect of water depth on fracture resis-
tance, expressed in terms of the maximum mud density
which can be sustained during normal drilling opera-
tions without hydrofracture. Note that the maximum
mud density which can be used with casing penetra-
ting 3500 feet into the sediments decreases from
about 13.9 ppg on land to about 10.7 ppg in 1500
feet of water, and to about 9.8 ppg in 13,000 feet
of water, The lower fracture resistance results
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primarily because the drilling fluid column which
must be supported extends far above the mudline to
the rig floor which is significantly above sea

level and because the drilling fluid density ex-
ceeds sea water density. An additional factor often
contributing to the reduced fracture resistance is

a relatively low bulk density of unconsolidated
shallow marine sediments.

The required vertical subsea choke lines be-
tween the BOP stack at the sea floor and the sur-
face well-control equipment have two detrimental
aspects. One difficulty arises because of the
increased circulating frictional pressure loss
caused by the long length of flow line. This
choke line frictional pressure loss can cause a
significant increase in the pressures occuring in
the well bore. The combination of high circulating
pressure losses in the choke Tine and Tow well-bore
fracture resistance reduces the tolerance for error
by the choke operator,

A second difficulty arises due to rapid changes
in hydrostatic pressure in the vertical subsea flow
lines when low density formation fluids are circula-
ted through these lines. In the case of a gas kick,
hydrostatic pressure falls quickly as the gas exits
the large casing and proceeds upward through the
relatively small diameter choke line. In order to
maintain the bottom hole pressure constant, there
must be a corresponding increase in surface choke
pressure to make up for this decrease in hydrostatic
pressure. Choke operation becomes much more diffi-
cult during this period, as rapid changes in con-
trol pressure are required. This difficulty tends
to increase with well depth because choke manipu-
lation is based on surface drili-pipe pressure whose
unsteady-state readjustment time increases with well
depth.

Evaluations of anticipated well control problems

for a given set of field conditions are often con-

ducted, at least in part, by computer studies which
predict the pressure response of a well for various
alternative procedures being evaluated.

erations require both an accurate knowledge of fluid
behavior in the well and a knowledge of equipment
response. Considerable difficulty is ‘encountered in

accurately modeling the flow behavior of mixtures of

formation gas and driiling fiuids in the complex
flow geometry present in the subsea system.

For this study, a research -well facility was
designed and constructed to model the flow geometry
present on a floating drilling vessel during well
control operations. Several types of experiments
have been conducted in which gas kicks were simula-
ted by the injection of nitrogen gas into the bottom
of the well. Alternative procedures studied in-
cluded techniques for compensation of choke-line
frictional pressure loss during pump start-up and
techniques for handling rapid gas zone elongation
when the kick reaches the sea floor.

EXPERIMENTAL WELL FACILITY

Design of the first subsea well-equivalent to
be Tocated on dry land posed many problems. The
first step was a review of all drilling vessels
which have operated in deep water. [t was found

Unfortunate-
1y, realistic computer simulations of well control op-

that from 1974 through 1980 only 66 wells had been
drilled in water depths in excess of 2000 feet,
These wells were drilled by the twelve vessels
listed in Table 1. Thirty-five of these wells
were drilled by only three vessels, all of which
are dynamically positioned. One of these, the
Discoverer Seven Seas, has held the water depth-
record for offshore drilling since 1976. A survey
of the well-control equipment on 10 of the vessels
previously listed showed similar design- features
and pressure ratings. A1l had BOP equipment with
10,000 psi pressure ratings and two subsea lines.
The inside diameter of the choke and kill lines
ranged from 2.4 to 3.5 inches, with 3-in. or
larger iines being used gn six of the vessels,

In the absence of any detailed records, com-
puter simulations were used to predict the dynamic
behavior of a deep-water well during the pump-out
of a kick. Actual well data together with proposed
drilling programs® were modeled to determine those
parameters most significant to the successful con-
trol of a well kick. Shown in Figure 4 is a sche-
matic drawing of a well drilled in 1978 in 4342
feet of water off the Congo with the drill-ship
Discoverer Seven Seas. This well was drilled to a
depth of over 16,000 ft with no reported drilling
kicks. The situation shawn in the figure, however,
represents expected shut-in conditions resulting
from a 0.5 ppg kick while drilling with a 9.2 ppg
mud at a depth of 11,540 feet. The complete mud
program for the well was obtained from the opera-
tors along with most of the supporting data given
in Table 2.

graphic history of predicted well behavior
pump-out of the kick is shown in Figure 5.
analyzing these results, it would be well to
the following questionabie assumptions inher-
the model which generated this data:

A
during
Before
review
ent to

" 1. Formation gas enters the well as a contin-
-~ uous slug and retains this configuration
as .it moves up the annulus and into the
choke Tine. | .

The slip ve]ocify.of the gaé relative to-

2.
the mud is zero.
3. The choke opefator méintains the bottom

hole pressure constant at exactly the
desired value.

While these assumptions might introduce some inac-
curacies in the computed results, the results were
felt to be sufficiently valid to be used in design
considerations of the experimental facility.

Consideration of Figure 5 shows several impor-
tant aspects of the well-control process which the
experimental facility must model. An initial shut-
in choke pressure of 440 psig results in a well-bore
pressure at the casing seat very near the fracture
pressure. The circulating frictional pressure loss
in the choke line is 280 psi for a pump speed of
50 spm and, upon pump start-up, the choke pressure
falls from 440 psig to 160 psig. There follows a
Tong and relatively uneventful period as the kick
is circulated from the bottom of the well to the
seafloor. However, once the gas reaches the sea-
floor and enters the choke line, the choke pressure
must rapidly increase from less than 100 psig to
more than 2100 psig. A short time later, a rapid
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decrease in choke pressure is required as mud dis-
places gas from the choke line. The average mud
velocity in the choke line, which is felt to be a
measure of how rapidly the pressures must change,
is 562 ft/min in this example.

Numerous examples, such as the one shown in
Figure 5, were studied using data from different
rigs and a wide variety of assumed well conditions.
Other examples were studied using data from pro-
posed wells in the Ocean Margin Drilling Program®
which have been planned for water depths of up to
13,000 feet. Computed choke-pressure profiles are
shown in Figure 6 for the proposed modified Glomar
Explorer drilliship on a Tocation offshore from New
Jersey in 7875 ft of water. Note that the results
are similar to those previously discussed.

In addition to reviewing the well-control
equipment of vessels which have operated in deep
water, a review of available literature was made
to identify special well-control procedures that
have been proposed to solve the blowout prevention
problems which are unique to the deep water envir-
onment. A list of 42 training schools which have
been approved by the Minerals Management Service
(formerly the Conservation Division of the U.S.
Geological Survey) for well control training re-
lated to subsea BOP Stacks was obtained. Training
manuals from many of these schools were received
and reviewed. From the literature review it was
determined that many of the special well-control
procedures proposed for floating drilling vessels
require the use of two subsea flow lines.

It was felt that the experimental well facility
should model the significant phases of the previously
discussed example and allow the experimental study
of the special well-control procedures identified.
The desired features of the experimental well faci-
1lity included:

1. realistic values for circulating frictional
pressure loss in the choke line.

2. realistic values for changes in choke pres-
sure when a gas kick is circulated through
the choke 1ine.

3. realistic values of circulating drill pipe
pressures.

4. the availability of two subsea flow lines,
one of which could be closed at the simu-
lated sea floor to prevent collection of
gas in the line when it was not in use.

5. reasonable kick simulation time.
6. reasonable initial cost and operating cost.

7. reasonable nitrogen injection pressure at
realistic gas influx rates.

A11.of these factors interact considerably, making
an optimal design difficult to determine.

The final well design selected is shown in
Figure 7. A simulated water depth of 3000 feet was
selected and the simulated subsea choke and kil}l
tines (2.375-in. tubing) were run inside 10.75-in.
casing to this depth. The effect of the BOP stack
located on the sea floor is modeled in the well

using a packer and triple parallel flow tube de-
signed by Baker. A subsea kill line valve at

3000 feet is modeled by using a surface-controlled
subsurface safety valve. This control allows ex-
periments to be conducted using only the choke line,
the kill line being isolated from the system as is
often the case in well-control operations on
floating drilling vessels. The drill string is’
simulated using 6000 feet of 2.875-in. tubing.
Nitrogen gas is injected into the bottom of the
well at 6,100 feet through 1.315-in. tubing placed
in the drill string. A pressure sensor is located
at the bottom of the nitrogen injection line to
allow continuous surface monitoring of bottom hole
pressure during simulated well-control operations.
The pressure signal is transmitted to the surface
through 0.125-in. capillary tubing which is strapped
to the 1.315-in. tubing. A check value, located at
the bottom of the nitrogen injection 1ine, allows
the Tine to be isolated from the system after in-
ducing the gas kick in the well.

A graphic history of predicted experimental
well behavior during pump-out of a typical kick is
shown in Figure 8. At a circulating rate of 2
bb1/min, a choke line friction of 340 psi was pre-
dicted. When the gas reached the seafloor, the
choke pressure must increase rapidly from about
200 psig to about 1700 psig. A short time later,

a rapid decline in choke pressure is required. The
average velocity of mud in the choke line is 517
ft/min. Pumping time for a complete kick simula-
tion is about one-hour and circulating drill pipe
pressure is about 1700 psig. Realistic kick simula-
tions can be accomplished with reasonable gas vol-
umes and pump horsepower requirements.

A schematic of the associated surface equip-
ment for the experimental well facility is shown
in Figure 9. The main components of this equip-
ment include: (1) a choke manifold containing
several 15,000 psi adjustable drilling chokes of
varying design, (2) a 250 hp triplex mud pump, (3)
two mud tanks having a total capacity of 540 bbl,
(4) two 15 bbl metering tanks, (5) a mud gas sepa-
rator, (6) three mud degassers of varying designs,
(7) a mud mixing system, and (8) an instrumentation
and control house. A photograph of the new faci-
lity, which is on the LSU Campus, is shown in Fig-
ure 10. A photograph taken inside the instrumenta-
tion and control house is shown in Figure 11.

RESULTS

Several types of experiments were conducted
to study and evaluate a number of alternative pro-
cedures that have been proposed for well-control
operations conducted on floating vessels in deep
water. This work included the following areas:

1. Drilling-Choke flow characteristics.

2. Measurement of choke-line friction.

3. Pump start-up procedures.

4. Procedures for handling rapid gas zone
elongation in subsea choke lines.
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Drilling-Choke Flow Characteristics

One approach often used to gain insight into
the demands being placed on the choke operator for
a given set of kick conditions is to estimate the
changes in choke pressure which must be accomplished
during well control operations to maintain the bot-
tom hole pressure constant and slightly above the
formation pressure. Previously discussed examples
of computed choke pressure profiles are shown in
Figures 5, 6, and 8. In order to translate this
information into required changes in choke position,
the flow characteristics of the commercially availa-
ble drilling chokes must be known. Flow tests were
conducted for two drilling chokes and several
drilling fluids in which the pressure drop across
the choke for a given choke position and flow rate
was determined. Using these test results, the
behavior of each choke was described using a fric-
tional area term as recommended by Pool.°®

The pressure drop across a choke through which
is flowing a slightly compressible fluid can be
approximately represented in any consistent english
or metric units by

(1a)

where Af is the effective frictional area of the
choke for a given choke adjustment. The frictional
area, Af, must be determined experimentally. One
set of commonly used units are psi for pressure,
1b/gal for density, gal/min for flow rate and sq-in.

for area. For this set of units, Equation (la)
becomes
2
R (1b)

Unfortunately, there are other commonly used
expressions for describing flow through a choke.
These alternative equations involve the use of
either a valve coefficient, Cy, or the use of an
actual choke port area, Ag, corrected by an appro-
priate discharge coefficient, Cq. The effective
frictional area is related to these other para-
meters as follows:

R R (2)
Cq” Ay’
A = e (3)

These expressions allow the results obtained in this
study to be easily converted to the other commonly
used terms.

Experimental results for two commercially
available drilling chokes are shown in Figures 12-
13. In addition to conducting tests with water,
three unweighted clay-water muds of varying viscosi-
ties, and two weighted clay-water muds were used.
During the tests, choke position was measured me-
chanically at the choke and then converted to a
fraction of full open as approximately shown by the

choke position indicator in the remote control panel.
The results indicated that the frictional area co-
efficient for a drilling choke was relatively insen-
sitive to mud viscosity over the usual range of
field conditions. A single frictional area curve
was felt to be sufficient for computer simulation
studies of well-control operations. As the choke
elements wear, a shift to the left in the curve
would be expected.

It was also noted that for the flow rate ranges
commonly used in well control operations, only a
very small portion of the total choke adjustment
range is used. A Targe maximum choke opening is
desirable due to concern about the ability to unplug
a choke which has become blocked by cuttings in the
mud. However, relatively small choke openings are
required to impose a significant pressure on the
well,

Choke-Line Friction

The circulating frictional pressure loss in the
choke 1line must be accurately known in order to
minimize the risk of hydrofracture during well-con-
trol operations. Several technigues that have been
proposed for routine measurement of this parameter
are shown in Figure 14. The first method involves
taking the difference between the drill pipe pres-
sure required to circulate the well through the
choke 1ine with the BOP closed and the drill pipe
pressure required to circulate the well through the
marine riser with the BOP open. Care must be taken
to insure that the same pump rate is used in both
measurements and that the mud properties in the well
are not changing significantly between measurements.
I1frey, et al® recommends adjusting the choke when
using this technique until a mid-range choke pres-
sure is also observed while flowing through the
choke 1ine. 1In this case, the circulating fric-
tional pressure loss in the choke 1ine is the drill
pipe pressure observed when circulating through the
choke 1line minus choke pressure minus the drill pipe
pressure observed when circulating through the ma-
rine riser.

The second technique shown in Figure 14 involves
circulating the well through the choke line with the
BOP closed and noting the pressure observed on a
static kill line. If care is taken to insure that
the same fluid is in both the choke line and the
ki1l 1ine, the kill line pressure will be equal to
the circulating frictional pressure loss in the
choke line at the given pump speed. Again, I1frey
et al® recommends adjusting the choke so that a mid-
range choke pressure is observed. If this is done,
the circulating frictional pressure loss in the
choke 1ine is equal to the kill line pressure minus
the choke pressure.

The third technique illustrated in Figure 14 in-
volves pumping down the choke line and up the marine
riser with the BOP open. In this case, the pump
pressure required for circulation, which is equal to
the surface pressure on the choke line, is also
equal to the circulating frictional pressure loss in
the choke 1line.

A distinct disadvantage of the first two tech-
niques is that while measuring the choke line fric-
tion, the well bore is subjected to a total pressure

638




5

in excess of that imposed while drilling. The ex-
cess pressure is the frictional pressure loss in

the choke line. The third technique has the advan-
tage of not placing any additional back-pressure on
the well. Thus, choke line friction can be measured
without any fear of hydrofracture in the uncased
portion of the well bore. As a consequence, more
frequent measurements of friction could be made, say,
twice a day. Then upon taking a kick, the most re-
cent measurement of choke line friction would be
more representative of the flow behavior of the mud
currently in the well.

Circulating frictional pressure losses measured
in the choke line of the experimental well are shown
in Figure 15 for one mud. Pressures were measured
using a 0-5000 psi Bourns model 520 transducer. The
mud properties were measured in a standard rotation-
al viscometer at 600 and 300 rpm, with samples taken
from the return flow line at the surface. The solid
line indicates values computed using the Fanning eg-
uation, the Colebrook function with absolute pipe
roughness, €, of 0.00095 in. and the use of plastic
viscosity “in the calculation of Reynolds numbers.
For any consistent set of metric or english units,
these equations are given by:

o2

e = (2 (4)
[

where

1 € 1.255

— = -4 Jog( m—pyg + = ) . (5)

/T : Np vt

_ dvp
Ny = ?; ....... . (6)

Note that there is good agreement between the meas-
ured and computed values.

Pump Start-Up Procedures

Conventional well control procedures assume
that frictional pressure losses held against the
well are small and can be applied as a convgnign@
safety margin when circulation of the kick is ini-
tiated. Thus the choke operator can simply adjust
the choke to maintain the choke pressure constant
as the pump speed is advanced to the desired value.
After constant pump speed is established, the
choke operator can then use the drill pipe pressure
as the control parameter.

Use of the conventional pump start-up proce-
dure on a floating vessel in deep water is thought
to greatly increase the risk of hydrofracture. The
circulating frictional pressure loss in the choke
1ine is often too large to be safely applied as
additional back-pressure on the well. Alternative
procedures that have been suggested for the case of
a floating vessel in deep water include the use of
(1) a computed choke pressure schedule, {(2) a casing
pressure monitor, and {3) multiple choke lines. The
first two alternatives, as illustrated in Figure 16,
attempt to keep the pressure on the subsea well-
head constant by dropping the choke pressure by an

amount equal to the frictional loss in the choke line
at the given intermediate pump rate. In the first
case, the choke operator accompiishes this by ad-
justing the choke so that the choke pressure will
follow the computed pressure schedule. In the sec-
ond case, the choke operator adjusts the choke to
maintain the static kill line pressure constant.
Both of these techniques are completely applicable
only for pump rates at which the circulating fric-
tional pressure loss in the choke line is less than
the shut-in choke pressure. If the choke and kill
lines contain a fluid of different density than the
current drilling mud, then application of the first
technique is not practical, but the second technigue
can still be applied.

The third alternative procedure is based on
greatly reducing the frictional pressure Toss held
against the well through use of multiple choke lines.
For example, by taking half of the mud returns
through each of two choke lines, the frictional pres-
sure would be reduced to about one-fourth of the
value observed using a single 1ine. In most cases,
the reduction is sufficient to allow the conventional
constant-choke-pressure pump start-up procedure to
be safely employed. A disadvantage of using this
approach is that a redundant system is no longer on
stand-by in the event the choke lines become plugged.

Simulated well control exercises conducted to
date indicate that all of the alternative pump start-
up procedures are feasible. However, they all re-
quire considerable practice to master with a high
degree of accuracy. Shown in Figure 17 are typical
results obtained during training exercises. Pres-
sure variations of the order of 150 psi above or
below the target pressure are common.

Rapid Gas-Zone Elongation

Computer simulations of well-control operations
for floating drilling vessels in deep waten such as
the example shown in Figure 5, have indicated that
very rapid changes in choke pressure are required
when the gas reaches and exits the BOP stack at the
seafloor. A major question to which this study was
directed is whether a choke operator can react in
step with rapidly changing conditions. Suggested
solutions to this anticipated problem include:

Use of greatly reduced pump rates, perhaps

1.

Jjust before the gas reaches the seafloor.
2. Use of multiple choke lines.
3. Use of larger diameter choke lines.

A1l of these suggested solutions attempt to give the
choke operator additional reaction time by slowing
the average upward fluid velocity in the choke line.

Simulated well control exercises conducted in
the experimental well have indicated that the de-
mands placed on the choke operator are not as severe
as previously anticipated. What is observed when
the gas kick reaches the sea floor and begins en-
tering the choke line is a natural tendency for the
casing pressure to increase with time. Although
some choke adjustments are required to maintain the
desired drill pipe pressure, they are much less
severe and fregquent than expected and can be han-
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dled by an experienced operator. Shown in Figure
18 are the resuits of a simulated well-control ex-
ercise in which a 20 bbl gas kick was pumped out

at a kill speed of 2.5 bbl/min using a single choke
line. In this example the choke was operated by
Mr. John Johnson of Tenneco 0i1 Co. and the pump was
operated by Mr. Robert Duhon of Chevron, USA. The
exercise was handled with minor difficulties en-
countered when the trailing edge of the gas zone
was displaced up the choke 1ine. The choke adjust-
ment was varied in this exercise between a maximum
setting of 0.25 and a minimum setting of 0.10.

Some theoretical considerations are shown in
Figure 19 as to why the choke pressure has a hatu-
ral tendency in the desired direction when the gas
reaches the sea floor. Calculations show that as
the leading edge of the gas contaminated region be-
gins moving up the choke 1ine, the gas pressure be-
gins to fall at an accelerated rate, causing the
gas to expand at an accelerated rate. The flow
rate of the mud exiting the well through the choke
increases in response to this gas expansion, re-
sulting in an increase in choke pressure. In
addition, the choke data given in Figures 12-13
indicate that large pressure increases can be
accomplished with relatively small adjustments
in choke position.

Although the problems encountered when a gas
kick reaches the seafloor appear to be less severe
than originally anticipated, they should not be
taken too lightly. For many individuals, consid-
erable practice is required to maintain the bottom
hole pressure constant during the period that gas
is being produced. Maximum difficulty tends to
occur when the trailing edge of the gas region is
being displaced up the choke 1ine. Shown in Figure
20 are the results of a well control exercise con-
ducted with a less experierced choke operator.

The results of conventional computer simula-
tions of expected choke pressures for a perfect
choke operator are also shown in Figures 18 and 20
for comparison to the observed behavior. Recall
that the computer model ignores the effect of up-
ward gas slippage with respect to the mud and the
effect of gas- mud mixing. Note that the effect
of gas slippage is quite pronounced, as gas reached
the seafloor much sooner than predicted. The ef-
fect of gas-mud mixing is also significant, as ob-
served peak pressures are lower than predicted be-
cause the displacement of mud from the choke line
is not complete. Peak pressures observed were
found to be strongly influenced by the gas influx
rate at the time the kick is taken.

CONCLUSIONS

1. An experimental well facility has been
used successfully to model the well-control flow
geometry present on a floating drilling vessel
operating in 3000 feet of water.

2. The model provides realistic conditions
with respect to circulating frictional pressure
losses in the choke line and with respect to rapid
changes in choke pressure when a gas kick is cir-
culated through the choke line.

3. The model is reasonably economical to
operate, requiring relatively small gas volumes,
pump horsepower, and circulating times to compiete
a kick simulation.

4. Flow of mud through several commerically
available drilling chokes can be modeled using
frictional area coefficient correlations.

5. Frictional area coefficients for drilling
chokes are only slightly influenced by mud vis-
cosity for the range of viscosities commonly used
in field practice.

6. Frictional pressure losses in choke lines
for unweighted clay-water muds were accurately pre-
dicted by flow equations based on a Bingham Plastic
Model.

7. Several alternative procedures can be suc-
cessfully used to cancel the detrimental effect of
choke-Tine frictional pressure losses during pump
start-up. However, all of these procedures require
considerable practice to master.

8. Choke pressure profiles observed in the ex-
perimental well differed significantly from those
predicted by conventional computer simulations of
well control operations in deep water. The maximum
choke pressures observed were less than predicted
and occurred much sooner than expected.

9. The demands placed on a choke operator
when gas is circulated through a subsea choke line
in deep water were not as great as predicted by
computer simulations of well-control operations.

10. Well-control operations on floating vessels
in deep water can be safely managed with existing
equipment. However, proper choice of choke line
diameter for the water depth range of the vessel is
of c¢critical importance. In addition, considerable

hands~-on practice may be required for the operator
to master the needed special procedures.

NOMENCLATURE
A] - area of flow conduit upstream of choke orifice

A - area of choke orifice

Af - frictional area coefficient of choke
o

d- discharge coefficient of choke

Cv - valve coefficient for choke which is defined
as the gallons per minute of water flowing
through the choke at 60°F for a one psi pres-
sure differential across the choke

d - internal diameter of pipe
f - Fanning friction factor
9 - units conversion constant

L - length
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NR - Reynolds number
p - pressure
Apf - frictional pressure loss
q - flow rate
v - average velocity
e - absolute roughness

u_ - plastic viscosity

p
- yie] int
Ty yield poin
p - density
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Table 1 - Drilling Vessels Known.To Have Operated In
Water Depths In Excess of 2000 Feet

BOP Stack
Working Subsea Flowlines
Number of Size Pressure I.D.
Rig Name Wells Drilled (in.) {psi) No. {in.)
Sedco 472 14 16.75 10,000 2 3.0
Discoverer Seven Seas 13 16.75 10,000 2 3.152
Sedco 445 8 16.75 10,000 2 3.0
Discoverer 534 7 16.75 10,000 2 2.728
Ben Ocean Lancer 5 16.75 10,000 2 3.5
Pelerin* 5 16.75 10,000 - -
Sedco/BP 471 4 16.75 10,000 2 3.0
Penrod 74 4 18.75 10,000 2 2.5
Sedco 709 3 16.75 10,000 2 3.0
Pacnorse* 1 - - - -
Zapata Concord 1 18.75 10,000 2 2.4
Petrel* 1 - - - -
66

* Foreign Owned Vessel

Table 2 - Data for Congo Well Example.

WELL DATA

1. Casing: 13 3/8 in., J-55, 61 1b/ft

2. Drill Pipe: 5 in., 19.5 1b/ft

3, Drill Collars: 540 ft, 8 x 3 in.

4, Drill Bit: 12 1/4 in., 12-13-13/32 in. jets
5. Mud: 9.2 ppg, My = 16 cp, Ty = 10 1b/100 sq ft
PUMP DATA

1. Type: Single Acting Triplex

2. Lliner Size: 6 1/2 in.

3. Stroke: 11 in.

4, Efficiency: 96 %

CIRCULATION DATA

DP Pressures, psig

Thru Choke Choke Line
Line Friction, psi

Conditions SPM  Thru Riser
Norm. Drilling 110 2400
Reduced Rate 1 50 600 880 280

KICK DATA (Simulated)

1. Shut-in DP Press.: 300 psig
2. Shut-in Choke Press.: 440 psig
3. Pit Volume Gain: 30 bb1
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Figure 10 - Aerial Photograph of Experimental Well Facility



Figure 11

Instrumentation Panels in Control Room
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PERSONAL INFORMATION
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Baton Rouge, Louisiana 70808
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EDUCATION
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Louisiana State University

Ph.D. in Petroleum Engineering, 1966
University of Texas

PROFESSIONAL EXPERIENCE SUMMARY

Industrial Experience
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Getty 0il Company; Houston, Texas
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Texaco, Inc.; Houma, Louisiana
Summers of 1959, 1960 and 1961



Academic Experience

1.

Louisiana State University; Baton Rouge, Louisiana
August 1971 to present

Titles: Assistant Professor

August 1971 to August 1975

Associate Professor
August 1975 to present

Duties:

a)

b)

c)

d)

e)

Undergraduate Courses Taught

1) PetE 2020, Introduction to Petroleum Engineering

2) PetE 4052, Reservoir Engineering

3) PetE 4056, Numerical Methods Applied to Petroleum Engi-
neering

4)  PetE 4057, Petroleum Production Laboratory

5) PetE 4083, Secondary Recovery

6) PetE 4085, Advanced Production Engineering

Graduate Courses Taught

1)  PetE 7202, Advanced Reservoir Epngineering
2) PetE 8000, Thesis Research

Extension Courses Taught

"How to Analyze Pressure and Flow Tests,'" Lafayette, Louisi-
ana, 1979

PetE 4051 and 4052 in New Orleans, LSU Extramural Courses,
1974-1975

Short Courses Taught

"Offshore Safety Systems," 1976-1977

"Well Completion and Workovers," 1974-1978
"Well Control," 1980 to present

Committees

1) College Research Committee, 1973-75

2) College Policy Committee, 1975-76

3) Energy Engineering Ad Hoc Committee, 1974-75

4) University Commencement Exercise Committee, 1978 to
present

5) Gulf Universities Research Consortium-Energy Research
Committee, 1974-present

EE



f) Grants and Contracts

1)

2)

3)

"Site Specific Investigations of the Geopressure Energy
Resource of Southern Louisiana, Part 1," Department of
Energy, 1977-78, $217,800.

"Investigations on the Geopressure Energy Resource of
Southern Louisiana," 1975-76, M. F. Hawkins and W. J.
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Recovery from Limited Water Drive Reservoirs" (1973).

Brodnax, David K.: '"An Analysis of the Safety Systems
for Offshore Producing Facilities" (1975).

Elemo, Rufus: '"Possible Use of Geopressured Aquifers for
the Short-Term Storage of Energy" (1976).

Owete S. Owete: 'Optimination of Offshore 0il and Gas
Lease Development Procedures" (1977).

Vega, Michael M.: '"An Approach to Optimum Workover
Timing of Offshore Operations" (1979).

PROFESSIONAL SOCIETIES AND ACTIVITIES

1. Registered Professional Engineer (Petroleum) in Louisiana

2. Tau Beta Pi

3. Pi Epsilon Tau

4. Society of Petroleum Engineers of AIME

5. Pi Mu Epsilon

6. Phi Kappa Phi

7. Phi Eta Sigma



CONSULTING ACTIVITIES

1.

10.

11.

U.S. Geological Survey; Metairie, Louisiana; 1971-75

Primary contribution was the development of a Monte Carlo type
economic model for offshore o0il and gas leases. The model has
been used to evaluate billions of dollars worth of offshore
leases for the U.S. government and is still in use today.

The Louisiana Land and Exploration Company; New Orleans, Louisiana;
Houston, Texas; 1971-1980

Performed engineering study on one of the company's largest
reservoirs (165 million barrels); developed an economic model
for offshore lease evaluation that is currently used to
determine company bids; helped develop a computer data base
that is used to analyze economic and operational data for the
company's offshore division.

Science Applications Incorporated; Melean , Virginia; Huntsville,
Alabama; Oak Ridge, Tennessee; 1977 to present

Used by SAI as a petroleum engineering consultant on various
programs; mainly the subsurface disposal of brine for the
Strategic Petroleum Reserve Program.

Dames and Moore Incorporated; Atlanta, Georgia; 1978

Helped analyze the environmental consequences of disposing
brine for the Strategic Petroleum Reserve Program.

Strategic Petroleum Reserve Office; Department of Energy; Washing-
ton, D.C.; 1978 :

Consultant with SPRO engineers on the subsurface disposal of
brine.

Southwest Research Institute; San Antonio, Texas; 1979
Advisor on a research grant from the Elective Power Research
Institute on generation of electricity from geopressured-
geothermal waters.

Federal Energy Administration, 1978

Expert Witness (Petroleum Engineering) - before the La. Conserva-
tion Commissioner

Expert Witness (Petroleum Engineering) - 15th Judicial District
Court, 1972

 Texaco, Inc., 1973

Gulf Universities Research Consortium, 1974-present-energy matters



PUBLICATIONS

a. Refereed Journal Articles

1) "Model Studies of Pilot Waterfloods," W. J. Bernard and B. H.
Caudle, Journal of Petroleum Technology (March, 1967).

2) "Reservoir Study of Southeast Pecan Island Geopressured Water
Sands," W. J. Bernard, Z. A. Bassiouni, and J. H. Welsh, SPE
7540, Presented at the 53rd Annual Fall Meeting of Society of
"Petroleum Engineers; Houston, Texas (October, 1978).

3) "A Method for Designing Buffer Slug Size for Injection Operations",
W. J. Bernard, currently under review for Groundwater Monitoring
Review, 1982.

b. Conference Proceedings

1) "Application of Monte Carlo Methods to Offshore Petroleum
Prospect Evaluation,” W. J. Bernard, Proceedings of the Council
of Economics of AIME, New York (February, 1975).

2) "Reservoir Mechanics of Geopressured Aquifers,” W. J. Bernard,
Proceedings of the First Geopressured-Geothermal Energy Con-
ference, Austin, Texas (June, 1975).

3) "Progress Report on the Assessment of Geopressure-Geothermal
Energy in South Louisiana," W. J. Bernard, Proceedings of the
Second Geopressured-Geothermal Energy Conference, Austin,
Texas (February, 1976).

4) "Methods Used to Estimate Petroleum Reserves," W. J. Bernard,
Fourth International Symposium of the Republic of Korea National
Academy of Science, Seoul, Korea (October, 1976).

5) "Principles and Practice of Reservoir Engineering,'" Proceed-
ings of the Workshop on Increasing the Production of Natural
Gas from the Gulf of Mexico: 1978-1982, National Research
Council, Washington, D.C. (July, 1977).

6) "Geopressure Resource Assessment-Southern Louisiana," W. J.
Bernard, Proceedings of Third Geopressured-Geothermal Energy
Conference, Lafayette, Louisiana (November, 1977).

7) "Possible Use of Geopressured Aquifers for the Short-Term
p q
Storage of Energy," Proceedings of the Third Geopressured-
Geothermal Energy Conference, Lafayette, Louisiana (November,
1977).

8) "Estimation of Reserves", W. J. Bernard, M. J. Veazey, and B.

H. Hise, Society of Petroleum Engineers Symposium, Tulsa,
Oklahoma, 1981.
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9) "Theory of Buffer Slug Sizing in Injection Operations', Seminar
on Geochemical spects of Industrial Waste Injection Systems,
U.S. Environmental Protection Agency, Dec. 1981. Dallas,
Texas.

Trade Journal Articles

1) "Geopressured Aquifers - A New Source of Natural Gas?", W. J.
Bernard, Panhandle Magazine, No. 2, 1978.

2) "Deep, Geopressured Aquifers: A New Energy Source," W. J.
Bernard, Petroleum Engineer Intermational, March, 1978.

Other Articles

1) "Assessment of Geopressured Resources in Southern Louisiana,"
W. J. Bernard, Gas Supply Review, American Gas Association,
February, 1978.

2) "Assessment of Geopressured Resources in Southern Louisiana,”
(updated) Gas Supply Review, American Gas Association, Octo-
ber, 1978.

Technical Reports

1)  '"Methods for Determining Vented Volumes During Gas Well Blow-
outs", W. J. Bernard, et. al., U.S. Department of Energy,
October, 1980.

2) "Methods for Determining Vented Volumes During Gas-Condensate
and 0il Well Blowouts", W. J. Bernard, et. al., U. S. Depart-
ment of Energy, September, 1981. .

3) "Enhanced Gas Recovery from Reservoirs with Associated Aquifers”
Gas Research Institute, April, 1982.



PROFESSTONAL RESUME

Walter R. Whitehead

Associate Professor

Petroleum Engineering Department
Louisiana State University

Baton Rouge, Louisiana 70803

Office Phone:

504-388-5215

PERSONAL INFORMATION

Born:

Children:
Home Address:

August 29, 1937, Lake Charles, Louisiana
Married:

Home Phone:

EDUCATION

Five

324 Albert Hart Drive
Baton Rouge, Louisiana 70808

504-766-0417

B.S. in Civil Engineering, 1960
University of Southwestern Louisiana

M.S. in Civil Engineering, 1964
Louisiana State University

Ph.D. in Civil Engineering, 1974
Louisiana State University

PROFESSIONAL EXPERIENCE SUMMARY

Industrial Experience

1.

U.S. Forest Service, Alexandria, Louisiana

1960

Title:
Duties:

Civil Engineer

Responsible for the location survey, design, and inspec-
tion of construction of forest roads and other miscel-
laneous facilities in the Kasatchie National Forest.
Resigned in November, 1960 to enter active military
service.

Louisiana Department of Highways, Alexandria, Louisiana
1961 to 1962

Title:
Duties:

Assistant District Laboratory Engineer

Supervised the testing of all highway construction
materials {(sand, gravel, sand-clay-gravel, concrete,
asphaltic concrete, asphalt, embankment materials, etc.)
used in district. Also responsible for record checks and
testing of projects upon their completion. Resigned in
September, 1962 to attend graduate school.



Ethyl Corporation, Baton Rouge, Louisiana
1964 to 1966

Title:
Duties:

Design Engineer

Personally designed the main process building, several
large equipment foundations, and sections of the process
and storm drainage system for a $10 million polyvinyl-
chloride manufacturing facility.

Ethyl Corporation, Baton Rouge, Louisiana
1966 to 1967

Title:
Duties:

Assistant Project Engineer

Responsible for writing specifications, requesting
quotations, evaluating quotations, and purchasing various
pieces of equipment, spare parts, stores stock items,
construction materials, etc., for the construction of a
tetraethyl lead manufacturing facility in Thessaloniki,
Greece. Also coordinated several design changes between
the construction group and the engineering design group.

Ethyl Corporation, Baton Rouge, Louisiana
1967 to 1970

Title:
Duties:

Civil Design Group Leader

Supervised all civil engineering design for the General
Engineering Division of the corporation. The work
supervised included the design of equipment foundations,
process buildings and structures, railroad spurs, streets,
storm and process drainage systems, etc., for petro-
chemical manufacturing facilities. Resigned in May, 1970
to attend graduate school. B

Academic Experience

1.

Louisiana State University, Baton Rouge, Louisiana
August 22, 1974 to present '

Titles:

Duties:

Assistant Professor
August 22, 1974 to August 14, 1979

Associate Professor
August 15, 1979 to present

a) Undergraduate Courses Taught

1)
2)
3)
4)
5)

PetE 3032, Phase Behavior of Hydrocarbon Systems
PetE 3034, Phase Behavior Laboratory

PetE 4045, Drilling

PetE 4051, Reservoir Engineering

PetE 4052, Reservoir Engineering



b)

c)

d)

e)

£)

Graduate Courses Taught

1)
2)
3)

PetE 7232, Thermal Methods of 0il Recovery
PetE 7242, Multiphase Flow in Pipes
PetE 8000, Thesis Research

Extension Courses Taught

None

Short Courses Taught

Special Instructor in IADC Well Control School

Committees

1) College Research Committee

2) College Policy Committee

3) Chairman of the Ad Hoc Subcommittee charged with devel-
oping a program of study that will lend to a master of
Water Resources Engineering degree

4)  Annual High School Seminar

Grants and Contracts

1)

2)

3)

4)

5)

6)

"The Storage of Fresh Water in Saline Aquifers--The

Effect of Aquifer Dip on the Efficiency of a Multi-Well
System,"” R. G. Kazmann, O. K. Kimbler, and W. R. Whitehead,
LWRRI, $87,509, July 1973 thru June 1976.

"Effect of Viscosity Ratio on the Recovery of Fresh Water
Stored in Saline Aquifers," 0. K. Kimbler and W. R.
Whitehead, LWRRI, $29,201, July 1975 thru June 1976.

"Experimental Research on New Surfactant Placement
Techniques for Enhanced Recovery of Petroleum by Water
Displacement,”" O. K. Kimbler, A. T. Bourgoyne, and W. R.
Whitehead, State of Louisiana, Department of Conserva-
tion, $28,000, June 1976 thru August 1977.

"Effect of Mixed Zone Length on the Growth of Viscous
Fingers During a Miscible Displacement,” O. K. Kimbler,
R. G. Kazmann, and W. R. Whitehead, LWRRI, $36,290, July
1976 thru September 1977.

"Use of Bounding Wells to Counteract Effects of Gravity
in Dipping Aquifers," 0. K. Kimbler, R. G. Kazmann and W.
R. Whitehead, LWRRI, $52,664, October 1977 thru September
1979.

"Investigations of Enhanced 0il Recovery Through Use of
Carbon Dioxide," 0. K. Kimbler, W. R. Holden, A. T.
Bourgoyne, and W. R. Whitehead, The U.S. Department of
Energy, $261,420, July 1978 thru September 1980.



g)

7)

"Investigations of Enhanced 0il Recovery Through Use of
Carbon Dioxide," W. R. Whitehead, 0. K. Kimbler, and R.
M. Hoshmann, The U. S. Department of Energy, $485,335,
October 1980 thru September 1983.

Theses Directed

As Major Professor

1)

2)

3)

4)

5)

Barnhill, Calvin C.: "The Effect of Mixed Zone Length on
the Growth of Viscous Fingers During a Miscible Dis~-
placement" (August, 1977).

Williams, Thomas E.: "The Use of Bounding Wells to
Counteract the Effects of Gravity in Dipping Aquifers"
(May, 1978).

Spooner, Michael: "Swelling Behavior of Carbon Dioxide-
Hydrocarbon Systems" (August, 1978).

Abadie, Paul: '"Use of Bounding Wells to Negate the
Effects of Gravity and Pre-Existing Groundwater Movement
in Dipping Aquifers Used for Storage" (August, 1979).

Hervey, J. Randall: "Compositional Changes During the
Displacement of 0il by Carbon Dioxide and Carbon Dioxide-
Methane Mixtures'" (May, 1980).

As Committee Member

1)

2)

3)

4)

5)

6)

Agrawal, Bipin K.: "Effect of Viscosity Ratio on the
Recovery of Fresh Water Stored in Saline Aquifers'.
(December, 1975).

Tate, Paul T.: "Effect of Dip on the Storage of Fresh
Water (Or the Disposal of Waste) in a Saline Aquifer"
(May, 1976).

Mathews, Gerald L.: '"A Microscopic Investigation on
Enhancing 0il Recovery Using Preferentially Oil-Soluble
Surface Active Agents" (May, 1977).

Kenney, Patrick L.: "An Investigation into the Use of
0il Slugs Containing Preferentially Oil-Soluble Surface
Active Agents" (August, 1977).

Ofoh, Paulinus E.: "The Effect of Flood Rate on Dis-
placement Efficiency When Using Oil-Soluble Surface
Active Agents to Enhance 0il Recovery" (May, 1978).

Nogchick, Abdul A.: M.S. in Petroleum Engineering,
December, 1978, No Thesis.



7) Vega, Michael M.: '"An Approach to Optimum Workover
Timing of Offshore Operations" (December, 1978).

8) Vuong, Diem: "An Investigation of Enhanced 0il Recovery
at a Moderately Low Interfacial Tension in the Absence of
Adsorption and Wettability Change" (December, 1978).

9) Bender, Catherine V.: '"Pressure Gradient Reversals in
Shut-in Well" (August, 1980).

10) Sihi, Debashish: '"Sulfonation and Oxidation of Crude 01l
as Possible Enhanced Recovery Techniques" (August, 1980).

PROFESSIONAL SOCIETIES AND ACTIVITIES

1. Registered Professional Engineer (Petroleum) in Louisiana, No. 7630
2. Registered Professional Engineer (Civil) in Louisiana, No. 7630

3. Registered Land Surveyor in Louisiana, No. 3929

4. The American Society of Civil Engineers

5. The Society of Petroleum Engineers of AIME
6. Society of Professional Well Log Analysts

7. The American Society of Drilling Engineers
8. Phi Kappa Phi

9. Tau Beta Pi

10. Pi Epsilon Tau

11. Chi Epsilon

CONSULTING ACTIVITIES

1. 0il and Gas Industry

PUBLICATIONS

1. "Saline Aquifers--Future Storage Reservoirs for Fresh Water?", O.
K. Kimbler, R. G. Kazmann, and W. R. Whitehead, Preprints, AAPG
Second International Symposium on Underground Waste Management
and Artificial Recharge, Vol. 1, New Orleans, Louisiana (September
26-30, 1973), pp. 192-206.

2. "Storage of Fresh Water in Saline Aquifers Using a Well Field," W.
R. Whitehead, Ph.D. Dissertation, Department of Civil Engineering,
Louisiana State University, Baton Rouge, Louisiana (August, 1974).



"Management of Waste Fluids in Salaquifers," R. G. Kazmann, O. K.
Kimbler, and W. R. Whitehead, Proceedings ASCE, Journal of the
Irrigation and Drainage Division, No. IR 4, Vol. 100, Proceedings
Paper 10991 (December, 1974), pp. 413-424.

"Cyclic Storage of Fresh Water in Saline Aquifers,"” 0. K. Kimbler,
R. G. Kazmann, and W. R. Whitehead, Bulletin No. 10, Louisiana
Water Resources Research Institute, Baton Rouge, Louisiana (Octo-
ber, 1975).

"Economics of Electrical Energy Production from Geopressured Aquifers
in South Louisiana," W. R. Whitehead and J. H. McMullan, An Interim
Report to Gulf States Utilities Company (June, 1976).

"Fresh Water Can Be Stored in Saline Aquifers,” O. K. Kimbler, R.
G. Kazmann, and W. R. Whitehead, The Johnson Drillers Journal
(March~-April, 1976) pp. 1-18.

"Use of Bounding Wells to Counteract the Effects of Pre-existing
Groundwater Movement," W. R. Whitehead and E. J. Langhtee, Water
Resources Research, Vol. 14, No. 2 (April, 1978), pp. 273-280.

"Comment on 'Head Gradient Control in Aquifers Used for Fluid
Storage' by Fred J. Molz and Langsford C. Bell," Water Resources
Research, Vol. 14, No. 2 (April, 1978), pp. 381-383.

"The Spacing of Heat Pump Supply and Discharge Wells," R. G. Kazmann
and W. R. Whitehead, Ground Water Heat Pump Journal, Summer 1980.




RESUME OF 10934 Major Oak Drive
Baton Rouge, Louisiana 70815

JAMES H. SYKORA Telephone - (504) 272-3105
DATE AND PLACE OF BIRTH: January 24, 1931, Columbus, Texas
MARITAL STATUS: Married, three children

EDUCATION: Graduate of Texas A and M University

College Station, Texas, 1954
Degree - B.S. in Chemical Engineering

Graduate of Texas A and M University
College Station, Texas, 1960
Degree - B.S. in Mechanical Engineering

PROFESSIONAL ENGINEER: Registered Professional Engineer
No. 13757 in the State of Louisiana as a
Chemical Engineer and Mechanical Engineer.

EXPERIENCE RECORD:

Dec. 1980 to Present Coordinator Blowout School Research Well

March 1, 1979 to Dec. 80 Petroleum Engineering Faculty
Louisiana State University
Baton Rouge, Louisiana

Research Associate III, responsible for department purchasing, and
department maintenance coordination. Assists in instruction of

PETE 4057 and PETE 3033 labs. Responsible for operation and maintenance
of IADC Blowout School well and instruction at wellsite.

May, 1975 to Present Mechanical and Process Services, Inc.
Baton Rouge, Louisiana

President of M.A.P.S., Inc. - responsible for all phases of consulting
engineering service. Major projects have included plant and process
designs for Exxon Chemical and Refinery, Shell Chemical, Capital Con-
crete Products, Barnard and Burk, Uniroyal, Kaiser Chemical and Dow
Chemical Company U.S.A.

Individual Projects have included the following:

1. Ethylene and Propylene Compressor Efficiency Studies for Exxon
and Shell.
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2. Material Bulk Handling and Packaging Facilities for Uniroyal,
a grass routes facility.

3. Packaging and Material Handling Facility for Kaiser.
4. Instrumentation for Emergency Shutdown Equipment for Exxon.

5. Pipeline installations from Houston to Baton Rouge for Dow
Chemical Company.

6. Pipelines and Instrumentation for Gas Well Flowlines for Dow
Chemical Company.

7. Microwave System for Dow Pipeline.

August, 1968 to May, 1976 Ciba-Geigy Chemical Corporation
Baton Rouge, Louisiana

‘Staff Project Engineer - Responsible for design, procurement, and con-
struction of a $48 MM battery limits Hydrocyanide plant at St. Gabriel.

Senior Project Engineer - Responsible for general plant projects at

St. Gabriel plant for new expansions and process improvements ranging
from $2,500 to $2.5 MM. This included a complete redesign of dust
collectors, pneumatic handling of solids, automatic packaging and casing
lines, automatic palletization and unitization of loads with shrink
film, and general process equipment.

Assistant Production Manager - Responsible for inventory control, proc-
ess efficiency improvements, production scheduling, and cost control.

Production Superintendent - In charge of following new plant design and
construction. Had responsibility for coordinating design of packaging
area, preparing Standard Operating Manuals and starting up procedures
and training programs for new employees. This facility was a $55 mil-
lion Herbicide Plant.

Nov., 1965 to Aug., 1968 Atlas Chemical Industries, Inc.

VAAP - TNT Plant, Chattanooga, Tennessee
T.N.T. Department Superintendent - Responsible for approximately 600
wageroll and 100 salary roll to rehab TINT Plant, start up, operate, and
train all above employees. Rehab. consisted of $34 MM rework of 12
T.N.T. lines and prepare for start up.
Responsible for project control and design in T.N.T. area.

Responsible for quality control of T.N.T.

Responsible for up-date projects to improve plant efficiency.
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June, 1960 to Nov., 1965 Aquaness Chemical Division of Milchem
Houston, Texas

Employed from August, 1963 to November, 1965 as Plant Manager at the
Aquaness Plant under Aquaness Chemical Division of Milchem Incorporated.
In charge of all phases of plant operations in the manufacture of 0il-
field Treating Chemicals, Corrosion Inhibitors, Drilling Chemicals,
Refining Chemicals, Acidizing Chemicals, Emulsifiers, Demulsifiers, and
other Suface Active Agents. Negotiated for Labor Contract as Plant
Manager. Plant unionized for three years, then union voted out in
August, 1964. Assisted Sales Department in technical service to custom-
ers.

Employed from November, 1962 to August, 1963 as Product Superintendent
at the Aquaness Plant under the Aquaness Department of the Chemicals
Division of Atlas Chemical Industries. Duties during this period in-
cluded complete charge of all of the production, maintenance and ship-
ping operations of the Aquaness Plant. Assisted Plant Manger and Sales
Department in technical service to customers. Also, operated as Plant
engineer during this period in helping to design, construct and start up
Aquaness Plant. Helped negotiate labor contract.

Employed from November, 1961 to November, 1962 as Assistant Production
Supervisor and Plant Engineer at the Aquaness Plant. Was in charge of
Process improvements, production scheduling and pilot plant operation.

Jan., 1959 to June, 1960 Texas Experiment Station
Texas A and M University
College Station, Texas

Employed as a Research Assistant for Pilot Plant Operations in. the
Cottonseed Lab. Worked on solvent extraction of sugars from soybeans to
obtain a high protein product. Also worked on water evaporation control
using a Monomolecular film.

Nov., 1956 to Jan., 1959 Parker Brothers and Company, Inc.
Houston, Texas

Employed from December, 1957 to January, 1959 as Captain of Dredge H. A.
Sawyer under Parker Brothers and Company. In charge of all phases of
dredge operations in the production of oyster shell for both chemical
manufacturers and construction work. Was in charge of all start-up
operations when dredge was taken from shipyard.

Employed from November, 1956 to December, 1957 as Assistant Chief Engi-
neer of Greens Bayou Shipyard under Parker Brothers and Company. Worked
as deisgn and construction engineer for Dredge H. A. Sawyer. Also
worked on process improvement of dredges already in operation.
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Nov., 1954 to Nov., 1956 U.S. Army Chemical Corps
Ft. McClellan, Alabama

Attended the Chemical Corps Officer basic course from November, 1954 to
March, 1955. Was an instructor in the Chemical Corps School at Ft.

McClennan, from March, 1955 to November, 1956. Received promotion to
First Lieutenant May, 1956. Honorable Discharge November, 1956.

June, 1954 to Nov., 1954 Parker Brothers and Company., Inc.

Houston , Texas
During this time on loan from Parker Brothers to Oyster Shell Survey and
Conservation Association. Worked as Captain of sounding and surveying
barge to survey Galveston Bay.

Part-time Employment while attending school:

Sept., 1952 to June, 1954 Guion Hall Theater
College Statiomn, Texas

Operated projector and handled advertising.

Summer, 1953 Parker Brothers and Company, Inc.
Houston, Texas

Welder and burner for maintenance crew.

Summer, 1952 R. B. Butler Construction Company
Bryan, Texas

Helper and cement mixer operator building bridges.

Summer, 1951 Consolidated Chemical Industries
Houston, Texas

General helper in Paint Department.

Summer, 1950 Parker Brothers and Company, Inc.
Houston, Texas

Oiler in Engine Room of Dredge Trinity II.
Summer, 1949 Luke Medley's Sinclair Service Station
Houston, Texas

Station Attendant.



